Abstract: Semiconductor superlattices with submicrometer heterostructures are of interest not only for their device applications but also for the fundamental physical phenomena they exhibit due to their material properties and their submicrometer dimensions. In order to understand the features exhibited, it is essential to calculate their electronic and various optical phenomenon, e.g., transmission properties, reflection properties along the arrangement. This paper proposed the examination of potential energy profile at multibarrier system by using the mathematical function and consequently we derived the probability to get the carriers crossing the barrier in superlattice by considering the various transmission properties e.g. the transmission coefficient, reflection coefficient, dc conductance, energy variations, temperature variation etc.; and also some other significant physical parameters are analysed at different values of internal bias across the superlattice. The dc conductance and current both have variations with respect to applied voltage can be seen here as same as that happened in bulk semiconductors.
Introduction
K-P model theory (de Kronig and Penney, 1931; Vladimirova and Kavokin, 1995) expressed well the Bloch states; and defines logically the band structures of the semiconductor lattices (Bastard, 1988; Kohmoto et al., 1983; Cota et al., 1985; Kohmoto, 1986; Gumen and Osatenko, 1990; Kuhl and Stöckmann, 1998; Kuhl et al., 2000) and consequently defines the transport properties in lattices. By using the same model based on mathematical formalism, we innovatively calculate and examine numerically the various term e.g. transmission and reflection properties and some other physical parameters of specific structures of SLs by using the transfer matrix and by applying the boundary conditions at different levels of barriers function formalism (Landauer, 1957; Vassel et al., 1983; Allen and Richardson, 1996; Guo et al., 1998) . 
Theory
Superlattice is a periodic structure of material with periodically alternating layers of several crystalline substances, especially such as semiconductors. Typically the width of layers is orders of magnitude larger than the lattice constant, and is limited by the growth of the structure. As shown in Figure 1 , it is a superlattice formed by alternating layers of GaAlAs and GaAs semiconductors. Because they have the similar lattice constant and different bandgap as per consideration the material that used as barrier and well should have approximate lattice constant provided the similar physical dimension and different band gap as due to formation of periodic structure of the superlattice. A material with periodically alternating layers of several crystalline substances, especially such as semiconductors. In a superlattice, the barrier thickness is so small that carriers can tunnel in neighbouring wells → significant wavefunction overlap between adjacent wells, and the formation of a band structure is similar to the Kronig-Penney model.
Tunnelling
It is a quantum mechanical phenomenon when a particle is able to penetrate through a potential energy barrier that is higher in energy than particles kinetic energy. When a particles passes through barrier, particle energy is same, i.e., at past the barrier and of incoming particle before the barrier; but the probability of finding the particles got reduced as on dependency of various parameters; and so the paper proposing the probability of particles past the barrier transmission parameters numerically using the matrix method and various mathematical formalism by considering the boundary condition at specified region of the barrier in superlattice.
Theoretical model

Solution to one band effective mass Hamiltonian equation
The one electron one-band effective-mass Hamiltonian provides a satisfactory description, i.e.
( )
where m* is a function of z. it is effective mass of each layer. Where, z is growing axis, ψ(z) is the wave function in the growing direction, E is the incoming electron energy, V(z) is superlattice potential and ћ is plank constant divided by 2π.
Potential energy profile
The distribution of potential has been shown for various biasing voltage range. For this at first the potential distribution in double barrier quantum well structure in absence of applied voltage is displayed in Figure 3 . In Figure 5 V a is the internal bias or field. The solutions to equation (1) in each potential region are analysed using Figure 1 , are given below:
• For Region-1: V(z) = 0 and m* = m a , so equation (1) will be written as:
Solution to equation (2) is given as:
where
Applying boundary conditions, equation (3) is written as, ψ(z) = 1e ikz + r eikz , where, r is amplitude of reflection.
• For Region-2: Using equation of straight line, superlattice potential in the barrier is given as,
where, V a is internal bias developed in superlattice, e is charge of electron, L is length of the region. Here, m* = m b and V 0 is the initial superlattice potential. Now, using equation (1):
Applying the following transformation rule in the barrier:
Equation (6), can also be written as, ρ(z) = a 1 (a 2 -z) where:
Now, we can write:
From equation (3):
and from equation (6), we have:
From equation (7):
From, equations (7), (8), (9), (10) and (11), equation (5) 
The solutions to equation in (12) are the well-known linearly independent functions, Ai(ρ) and Bi(ρ). The solutions to equation (12) is given by:
• For Region-3: Using equation of straight line, superlattice potential in the well is given as, ( ) ( ).
Here, m* = m a and b is the width of superlattice model.
Applying the following transformation rule in the well:
Equation (14), can also be written as, ρ'(z) = a 3 (a 4 -z) where: 
The solutions to equation in (15) are the well-known linearly independent functions, Ai(ρ) and Bi(ρ). The solutions to equation (15) is given by: 
Applying boundary conditions, equation (17) can also be written as:
and τ represent transmission amplitude.
Calculations of various parameters
Transmission coefficient
Using the Bastard conditions of continuity (Bastard, 1988; 1981) , one has the relation between the reflected and transmitted amplitude, r and τ respectively, i.e.
where transmitted amplitude τ can also be written as:
where S(0, L) is resultant diffusion matrix of order 2 × 2 and is given as:
where S b (ρ) and S w (ρ′) represent the diffusion matrix of the barrier and the well regions respectively and given by:
′ ′ are first order derivatives of linearly independent airy functions of barrier and well respectively. Also:
where D1 is determinant of S b (ρ) and is given as:
where D2 is determinant of S w (ρ′) and is given as:
The elements of resultant diffusion matrix S(0, L) are A, B, C, D so S(0, L) can be written as: (0, ) Now, from equation (22), (23) and (24),
Now, transmission coefficient T is related with transmission amplitude τ by the equation:
Using equations (21) and (27), T can be also written as:
From equations (4), (19), (25) and (28) we have:
T(E) represent that transmission coefficient is the function of energy in the superlattice.
DC conductance
By using the Landauer formula (Landauer, 1957) Dc conductance is given by the relation:
where, G(E) is the Dc conductance. DC conductance is also written in terms of applied external voltage V. As energy of electron in quantum well is related with voltage V by the relation:
By equations (30) and (31) dc conductance, in terms of applied external voltage, is given by the relation:
where G(V) is dc conductance as a function of applied voltage V.
DC current in the superlattice
As Dc current I is related with applied voltage V by the relation:
By using the equations (32) and (33) dc current is given by the relation:
Reflection coefficient
Equation (20) can also be written as:
Using equations (25) and (35),
Now the reflection coefficient is given by the relation:
Now using equations (4) and (19), R can be written numerically as:
Expression for R obtained in equation (37) can be obtained also by using the universal relation between transmission coefficient and reflection coefficient, i.e.
From equation (37) it is clear that R is function of energy E, i.e.,
Results and discussion
Transmission coefficient vs. energy
Using equation (29) the relation between transmission coefficient and energy is plotted in Figure 6 . From Figure 6 it is clear that, transmission coefficient increases with respect to energy. And for higher values of energy it is saturated. Variation in transmission coefficient is maximum for lower value of internal bias i.e., Va = 0.05 V and minimum for maximum value of internal bias, i.e., Va = 0.15 V.
Reflection coefficient vs. energy
Because to the trivial relation of Transmission coefficient + Reflection coefficient = 1; reflection coefficient decreases with respect to energy. Reflection coefficient decreases with respect to energy till the threshold and the Variation is such that in reflection coefficient is minimum for lower value of internal bias i.e., Va = 0.05 V and maximum for larger value of internal bias, i.e., Va = 0.15 V. Beyond that Reflection coefficient increases with respect to energy in such a way that reflection coefficient is maximum for lower value of internal bias i.e., Va = 0.05 V and minimum for larger value of internal bias, i.e., Va = 0.15 V. 
DC conductance vs. energy
From equation (32) the relation between DC conductance and energy is plotted in Figure 8 . From Figure 8 it is clear that, conductance increases with respect to energy. Variation in conductance is higher for lower values of internal bias, i.e., Va = 0.05 V and lower for higher values of internal bias, i.e., Va = 0.15 V.
DC conductance vs. applied voltage
From equation (34) the relation between DC conductance and applied voltage is plotted in Figure 9 . From Figure 9 it is clear that, conductance increases with respect to applied voltage. Variation in conductance is more for lower values of internal bias i.e., Va = 0.05 V and less for higher values of internal bias i.e., Va = 0.15 V.
Current vs. applied voltage
From equation (34) the relation between current and applied voltage is plotted in Figure 10 . From Figure 10 it is observed that, current increases with increase in applied voltage. Variation in current is more for lower values of internal bias, i.e., Va = 0.05 V and less for higher values of internal bias i.e., Va = 0.15 V. 
Conclusions
By calculation and numerically examine of the transmission behaviours in superlattice by using mathematical formalism, matrix method we plotted the variation of transmission coefficient, reflection coefficient, dc conductance and current with different values of internal bias, and so notified that variation of transmission coefficient and reflection coefficient with electron energy. Transmission coefficient tends to value of 1 is useful phenomenon as it allows the maximum transmission or tunnelling of carriers through barriers in superlattices. Also the dc conductance and current both increases with respect to applied voltage can be seen here as same as that happened in bulk semiconductors. Same variations of transmission coefficient and reflection coefficient with respect to temperature can be seen here.
Future work
Growth of GaAlAs/GaAs based ultrathin QWs and superlattice structures have been optimised. Structural, optical and electrical properties of these quantum and superlattice structures have shown their high crystalline and optical qualities. Superlattice structure have found potential applications in several optoelectronic devices like photodetectors and solar cells. For the future work, it is proposed to grow device structures like photodetector and solar cell based on superlattice structures of InP/GaAs and InP/GaN.
